Introduction
The Drosophila melanogaster larval cellular immune response involves circulating immunosurveillance cells known as haemocytes. In Drosophila larvae, haemocytes are located in three main compartments: in circulation, in a haematopoietic organ known as the lymph gland, and as a sessile-haemocyte population found just underneath the
Methods

Insects
Drosophila strain UAS-Src64B was obtained from the Bloomington Stock Center. The Hemese-GAL4,UAS-GFPnls driver line has been described previously [15] . Flies were kept on a standard cornmeal diet (60% w/v yellow cornmeal, 12% w/v inactive dry yeast, 7.5% v/v golden syrup, 1.4% w/v methyl paraben (Tegosept), and 6% w/v agar) at between 21 and 25 ° C. Stocks crossed to GAL4 driver flies and the uncrossed control flies were raised at 29 ° C.
Immunof luorescence
For all antibody staining, haemocytes were bled from larvae into 20 l of phosphate-buffered saline (PBS) and allowed to attach to a glass slide (SM-011, Hendley-Essex, Essex, UK) for 1 h. Staining and analysis were done according to Williams et al. [16] . The polyclonal anti-phospho-JNK (Promega) was diluted 1: 500 in 3% BSA/PBS. The polyclonal anti-phospho-Src64B [17] was diluted 1: 500 in 3% BSA/PBS. Alexa Fluor 488-phalloidin (Molecular Probes) was diluted to a final concentration of 0.20 g in 1% BSA/PBS). Nuclei were stained by incubating the cells with DAPI diluted 1: 5,000 in 1 ! PBS. Cells were visualized using a Zeiss Axiovert 200M epifluorescent microscope and digital pictures were taken with a Hamamatsu C4742-80-12AG video unit, controlled by the Simple PCI 6.1 program (Hamamatsu). ImageJ (NIH) was used for digital editing. ImageJ was used to measure fluorescence intensity.
To visualize haemocyte patterns within larvae, wandering third-instar larvae were washed in PBS and then killed by freezing at -80 ° C for 1.5 min. The larvae were then transferred to a glass slide and covered in 50% glycerol and visualized as described previously [4, 16] .
Haemocyte Counting and Statistics
Haemocyte counting and statistics were done as described previously [4] . Briefly, UAS transgenic lines were crossed to Hemese-Gal4, UAS-GFPnls . The females were allowed to lay eggs at 21-25 ° C for 2 days before the vials were moved to 29 ° C. Larvae were staged according to procedures described by Andres and Thummel [18] . Staged larvae were washed in PBS before being bled into 20 l of PBS, by using a pair of fine forceps and a 27-gauge needle. The PBS containing the haemocytes was then loaded onto a Neubauer improved haemocytometer for counting. Haemocytes from at least 15 larvae from each strain were counted, and statistical analysis was done according to the procedures outlined previously [4] .
Measurement of Cell Size
Haemocytes were bled from larvae into 20 l of PBS and allowed to attach to a glass slide (SM-011, Hendley-Essex, Essex, UK) for 1 h. The cells were then stained with Cy2-phalloidin as stated previously. F-actin was visualized using epifluorescence and digital pictures were taken with a Hamamatsu C4742-80-12AG video unit, controlled by the Simple PCI 6.1 program (Hamamatsu). Cell area measurements were made by measuring the cells on the x-and y-axes using the ImageJ program and taking the average of these two measurements in micrometres. For statistics, an initial ANOVA (http://www.physics.csbsju.edu/ stats/anova.html) indicated that the overexpression of the UAS constructs significantly affect haemocyte cell size. Multiple Student's t tests (Microsoft Excel and http://www.graphpad.com/ quickcalcs/ttest1.cfm) were performed to study specific interactions between certain genotypes and their corresponding crosses.
Results and Discussion
To begin to study the influence of Src tyrosine kinase signalling on Drosophila haemocytes, UAS-Src64B transgenic flies were crossed to the haemocyte-specific driver line Hemese-GAL4 , UAS-GFPnls (hereafter called HeGal4 ). In third-instar control larvae, segmentally arranged haemocytes were observed just underneath the cuticle ( fig. 1 a, arrows) . Overexpression of wild-type Src64B disrupted the haemocyte segmental-banding pattern ( fig. 1 a, In most instances, disruption of the sessile banding pattern leads to an increase in the number of circulating haemocytes [4] . While overexpression of Src64B had no effect on the number of circulating plasmatocytes, there was a significant increase in the number of circulating lamellocytes ( fig. 1 b) . This increase in the number of circulating lamellocytes was not at the expense of the plasmatocyte population, meaning an overall 2-fold increase in the total number of circulating haemocytes was observed compared to control larvae. Previously, in a directed screen to discover genes involved in regulating the Drosophila cellular immune response, only overexpression of hop tuml , a constitutive active version of the Drosophila JAK kinase hopscotch , was able to induce lamellocyte formation without causing a change in the number of circulating plasmatocytes [4] . In mammalian tissue culture models, it has been shown that src tyrosine kinase can directly phosphorylate and activate the transcription factor STAT3 in vitro, and STAT3 function and activation are required for src transforming activity in multiple Src64B overexpression is sufficient to activate JNK in plasmatocytes. a Haemocytes were recovered from early third-instar larvae and stained for Bsk activation using anti-phosphorylated-JNK antibody (red). Cells were counter-stained with Cy2-phalloidin to visualize their actin cytoskeleton (green). In the merged pictures, overlap of the two stainings is yellow. b JNK activity. Quantification of Bsk activity. ImageJ was used to measure fluorescence intensity of at least 100 haemocytes from 3 different larvae. * Significant difference (Student's t test, p ! 0.01) compared with the parental UAS and He-Gal4 strains. c Quantification of F-actin expression levels. Haemocytes were bled from wandering third-instar larvae and stained with Cy2-phalloidin. ImageJ was used to measure fluorescence intensity of at least 100 haemocytes from 3 different larvae. * Significant difference (Student's t test, p ! 0.01) compared with the parental UAS and He-Gal4 strains. d Determination of plasmatocyte size. The cell diameter of plasmatocytes from at least 100 haemocytes from at least 3 different larvae per genotype was measured, as described in Materials and Methods, and the diameter (micrometres) was plotted. * Significant difference (Student's t test, p ! 0.01) compared with the parental UAS and He-Gal4 strains.
tissue culture cell lines [19] [20] [21] . STAT activity is also known to be regulated by JAK kinases in both mammals and Drosophila [22] [23] [24] [25] . Furthermore, in the Drosophila eye, Src-regulated signalling pathways were shown to require STAT activity [26] . From these results I conclude that Src64B overexpression is sufficient to activate Drosophila circulating haemocytes. Since overexpression of Src64B in haemocytes has a similar phenotype to hop tuml , it is possible that Src64B and the JAK/STAT pathway interact in haemocytes.
In Drosophila, Src64B has been shown to activate JNK signalling and regulate cytoskeletal dynamics [12, 27] . To see if the same could be true for the cellular immune response, haemocytes were bled from third-instar control and UAS-Src64B;He-Gal4 larvae and stained with an anti-phospho-JNK antibody to visualize active JNK, as well as Cy3-phalloidin to observe the actin cytoskeleton. Haemocytes from control larvae were round in appearance with little F-actin at the plasma membrane ( fig. 2 a) . When haemocytes were bled from control larvae ( HeGal4 or UAS-Src64B ) and stained with anti-phospho-JNK, staining was observed at the periphery of the cell, in the nucleus, and as punctate points of activity between the nucleus and cell periphery ( fig. 2 a, and data not  shown) . Overexpression of wild-type Src64B induced a significant increase, 2.5-fold, in the amount of active JNK in plasmatocytes ( fig. 2 b) . Though there were many lamellocytes present in the haemocyte bleeds from UASSrc64B;He-Gal4 larvae, very little active JNK was observed in lamellocytes. In a few lamellocytes JNK activity co-localized with DAPI staining in the nucleus ( fig. 2 a, arrows, DAPI staining not shown).
When compared to haemocytes from control larvae, overexpression of wild-type Src64B induced a significant increase, 4.4-fold, in F-actin ( fig. 2 c) . Also similar to what is observed in plasmatocytes from parasitized larvae [28] , cell diameter seemed to correlate with F-actin formation. Control haemocytes had an average diameter of 22 m, while haemocytes that were overexpressing Src64B had an average diameter of 58 m. Furthermore, many Src64B overexpressing plasmatocytes had extremely ruffled membranes ( fig. 2 a, Detail) . All of these phenotypes are similar to haemocytes recovered from parasitized larvae [28] .
To examine in which cell subtypes Src64B may be active, haemocytes were bled from third-instar He-Gal4 and UAS-Src64B controls or UAS-Src64B;He-Gal4 larvae and stained with an antibody that recognizes active Src64B (anti-phospho-Src64B) [17] . The He-Gal4 construct is only active in about 80% of circulating haemocytes [4] . When Src64B was overexpressed in haemocytes, Src activity was observed in both GFP-positive and -negative plasmatocytes ( fig. 3 , arrows) . Also, most lamellocytes had no Src activity; if activity was observed ( fig. 3 , open arrows) , it was at much lower levels than in plasmatocytes ( fig. 3 , arrowheads) . No Src64B activity was observed in haemocytes bled from third-instar control larvae (data not shown). The presence of active Src64B in GFP-negative plasmatocytes could mean that Src overexpression in some plasmatocytes is able to somehow signal to non-overexpressing cells leading to the activation of endogenous Src64B in a cell non-autonomous manner. Even though He-Gal4 , and thus UAS-Src64B , is expressed in all haemocyte subtypes, activated Src64B was rarely observed in lamellocytes. This is evidence that overexpression of Src64B is not sufficient for its activation in some cell types. This study shows that similar to the Drosophila JAK kinase hopscotch , the c-src homologue Src64B induces lamellocyte differentiation without increasing circulating plasmatocyte concentration. Also, Src64B overexpression was able to induce JNK activation in haemocytes. Similar to what was reported by Read et al. [26] in imaginal discs, this may be evidence of Src64B interacting with the JAK/STAT and JNK pathways in haemocytes. Src64B, which disrupts the sessile haemocyte banding pattern when overexpressed specifically in haemocytes, induces both actin formation and JNK activation. Previously, we reported that the small GTPase Rac1 requires both actin formation as well as JNK activation to disrupt the sessile haemocyte banding pattern. The same may be true for Src64B activity in haemocytes. Finally, this study may show cell-cell signalling occurs in haemocytes during cellular activation as activated Src64B was observed in many plasmatocytes not overexpressing Src64B.
